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and
, it suffices to show that F(x, a) ≤  for  < a <   and x ≥ . To prove Theorem ., we shall investigate the sign of
We set
Then F x (x, a) clearly has the same sign as G(x, a).
Since G(x, a) has the both signs, in order to get the sign of it, we need to investigate the signs of G(, a) and G x (, a). We shall describe the results in Sections . and .. Moreover, for fixed a ∈ (,   ), we show in Section . that G x = ∂G/∂x is strictly increasing for x ≥ ; that is, G(x, a) is convex on [, ∞), which is the main idea of our proof.
In Section , we consider the cases of G x (, a) ≥  and G x (, a) <  to prove Theorem .. Using three propositions given in Section , we notice the following () and ().
( We shall use the functions F(x, a) and G(x, a) defined here throughout this paper.
Preliminaries

The sign of G(1, a)
From the definition of G(x, a), we have
where
Then we have
In this subsection, we shall show that G(, a) <  for
Proof First, we show that
. Let λ  and λ  (λ  < λ  ) be the solutions of
then we have , where
We have 
It still remains to show that
using the substitution
, where
Proof We need to prove that f (t) >  for  < t ≤   , where
We have
it follows that g is strictly decreasing on (, 
Proof We need to show that f (t) < , where
, and
We see that (ln S  (t)) has the same sign as
Since ln  > ln( + t) and ln  > ln(
, f  is strictly decreasing on the interval (,   ]. Therefore, we can get f  (t) < lim t→ f  (t) =  for  < t ≤   . From f  (t) >  and f  (t) < , it follows that B  (t) < . Since B  (t) < , B  (t) <  and B  (t) < , we get B(t) < , hence (ln S  (t)) <  for  < t ≤ Proof We need to show that A(t) <  for  < t ≤   . By Lemmas . and ., it suffices to show that f (t) < , where
, f is strictly increasing on the interval (, 
The sign of G x (1, a)
where b =  -a.
Proposition . There exists a number c ∈ (
Proof Let us denote G x (, a) by f (a). We have 
The convexity of G(x, a)
In order to investigate the convexity of G(x, a) with respect to x, we need the following lemma.
Proof We first show that the inequality
. We denote
We set . Also, the inequality 
Clearly, we need to show that f (x) >  for x ≥ . From
we can write the inequality f (x) >  in the form
Since ( This completes the proof of Theorem ..
